Objective: This study explored the influence of prosthesis selection on long-term outcomes in patients who underwent mitral valve repair for mitral insufficiency (MI) due to type II dysfunction.
See Editorial Commentary page 1925.
The most common leaflet dysfunction in degenerative valve disease is Carpentier type II, in which there is excess motion of the leaflet margin relative to the annular plane resulting from elongation or rupture of the chordae tendineae. Mitral valve repair, the most well-established procedure to treat type II mitral insufficiency (MI), reportedly leads to excellent long-term outcome. [1] [2] [3] [4] The repair procedure for posterior leaflet prolapse has been standardized as quadrangular or triangular resection and suture. 5 In contrast, anterior leaflet or bileaflet prolapse needs more complex repair procedures, such as implantation of artificial chordae. 6 As a result, the long-term durability of mitral repair for anterior lesions is reportedly not as good as that for posterior lesions. [6] [7] [8] [9] An annuloplasty ring is an essential part of mitral valve repair procedures to remodel the annulus and consequently stabilize the repair for long-term durability. We previously reported 10 that a small-sized prosthesis for mitral valve repair may result in prosthesis-patient mismatch and thus, a largesized prosthesis should be placed. However, the influence of the type of annuloplasty prosthesis on long-term durability has not been fully established. 11 Although the shape of a native mitral annulus changes during the cardiac cycle, the saddle shape that is formed during the systolic phase has recently been preferred as the prosthesis shape. 12 In contrast, a flexible partial band is reportedly ideal to decrease anterior mitral leaflet strain and maintain aortic curtain motion, 13 although it has been reported that the annular geometry is flattened in cases of advanced MI. 14 The purpose of this study was to review long-term outcomes and valve function after mitral valve repair in patients with type II dysfunction, and to compare the influence of type of annuloplasty prosthesis dependent on the location of the leaflet prolapse.
MATERIALS AND METHODS Patients
This study included a consecutive series of 452 patients (297 men and 155 women; mean age, 60.3 AE 12.7 years; range, 19-84 years) who underwent mitral valve repair for type II severe MI using a prosthetic full ring or partial band in our institution between 2001 and 2014. The data were collected from medical charts, supplemented by telephone interviews for patients who were treated by a distant physician. Patients undergoing concomitant aortic valve surgery were excluded. Preoperatively, 32 patients (7.1%) were New York Heart Association (NYHA) functional class III or IV. The area of prolapse was the anterior leaflet only in 95 patients (21%), the posterior leaflet only in 285 patients (63%), the anterior and posterior leaflets (bileaflet) in 72 patients (16%), and a commissure only in 6 patients (1.3%). Postoperatively, patients regularly visited the outpatient clinic of the National Cerebral and Cardiovascular Center for medical follow-up. The follow-up rates for survival and reoperation were 99% and the mean follow-up period was 5.9 AE 3.9 years. The follow-up rate for MI ! 3 was 73.6%. Our institutional review board approved the study and waived the need for patient consent for this retrospective study.
Patients were divided into the following 2 groups according to the location of the prolapsing leaflet: anterior leaflet, including bileaflet prolapse (anterior group, n ¼ 167); and isolated posterior leaflet (posterior group, n ¼ 265). Patients with isolated prolapse of a commissure were classified as having bileaflet prolapse. Preoperative patient characteristics and hemodynamic characteristics are shown in Table 1 .
Surgical Procedures
Operative data are shown in Table 1 . All patients underwent mitral annuloplasty using a prosthetic full ring or partial band. Repair technique (eg, resection and suture, chordal replacement, or edge-to-edge repair) depended on the leaflet involvement. The annuloplasty prosthesis size was selected in correspondence with the intertrigone distance measured with the sizer provided, without downsizing. When the intertrigone distance was obscure, the length of the anterior leaflet was used for prosthesis size selection (Videos 1 and 2).
Concomitant cardiac procedures included coronary artery bypass grafting in 38 patients (8.4%), tricuspid annuloplasty in 74 patients (16%), maze procedure in 133 patients (29%), and other procedures in 25 patients (5.5%).
Echocardiography
Echocardiography was performed within 30 days before surgery; within 10 days postoperatively; and 1, 3, 5, 7, 10, and 15 years postoperatively whenever possible. Doppler echocardiography was used to define MI as grade 0 (no MI), 1 (trivial), 2 (mild), 3 (moderate), or 4 (severe). Severe was defined as either central jet MI of more than 40% of the left atrial (LA) area, holosystolic eccentric jet MI, vena contracta > 0.7 cm, regurgitant volume > 60 mL, regurgitant fraction > 50%, or effective regurgitant orifice > 0.40 cm 2 . MI was classified as trivial, mild, or moderate by an expert engineer and expert doctor individually.
Each patient's cardiac function was assessed for residual MI, tricuspid regurgitation (TR), fractional shortening, left ventricular end-diastolic diameter and end-systolic diameter, mean transmitral pressure gradient, LA diameter, and peak tricuspid regurgitant pressure gradient. M-mode echocardiography was used to measure LA diameter on images created via the parasternal short-axis view at the level of the aortic valve at ventricular end systole. Tricuspid regurgitant pressure gradient was defined as the value of the right ventricular systolic pressure (systolic pulmonary artery pressure) minus the central venous pressure. 15 Recurrent MI was defined as moderate or severe MI after the initial repair (MI ! 3 at follow-up). The number of patients examined by echocardiography was 373 (82.5%) at 1 year, 197 (60%) at 3 years, 213 (81.9%) at 5 years, and 118 (58.1%) at 10 years after surgery (Table E1) . Although some patients who were treated by distant physicians were not examined by institutional echocardiography, clinical progress was regularly reported to our institute. The background, the characteristics, and the procedural details were not significantly different between the patients examined by institutional echocardiography and the patients not examined (see Table E2 ).
Statistical Analysis
Categorical data in Table 1 and Table 2 are shown as number (%), and continuous data were checked for normality distributions using Shapiro-Wilk test (Table E3) . If the distributions were normal, the continuous data are shown as mean AE standard deviation. If not, median and interquartile ranges are used. Patient characteristics are shown in Table  1 , 1-year echocardiographic findings are in Table 2 , and MI ! 3 at followup and the regurgitant jet site in full-ring versus partial-band repair are shown in Table 3 and were compared by univariate analyses using the c 2 test (for categoric variables) and the Mann-Whitney U test (for continuous variables). To handle missing data, pairwise deletion was used. Echocardiographic measures of MI severity were analyzed over the study period. Mixed-effect model with repeated measures was fit to evaluate the association between MI severity and each group of the patients (anterior or posterior prolapse, full ring or partial band, or flexible ring or rigid/semirigid ring). Fixed effects were group of patients, time after operation, and group of patients by time after operation interaction, whereas the random effect was patients. Missing data in the mixed-effect models for repeated measures were handled by using direct likelihood method. The Cox hazard model was used to predict risk factors for MI ! 3 at follow-up and for reoperation. Independent risk factors for MI ! 3 at follow-up and reoperation were identified by multivariate Cox proportional hazards analysis. Variables with a univariate P value<.2 were entered into the multivariate model. Survival, freedom from reoperation, and combined end point curves were obtained using the Kaplan-Meier method and were compared between groups using the log-rank test. All statistical analyses were performed using SPSS version 22 (IBM-SPSS Inc, Armonk, NY).
Propensity-Matched Analysis
Because baseline characteristics were different between the patients with partial-band and full-ring repair in the anterior group (Table 4) , propensitymatched analysis was used to compare MI severity over time between patients with partial-band and full-ring repair in the anterior group. A propensity score was calculated with multiple logistic regression using the following 18 variables: age, sex, body surface area, NYHA functional class III or IV, preoperative beta blocker use, preoperative calcium channel blocker use, hypertension, hyperlipidemia, diabetes mellitus, forced expiratory volume in 1 second > 70%, chronic renal failure on hemodialysis, preoperative atrial fibrillation, TR grade > 2, coronary artery disease, left ventricular enddiastolic diameter, LA diameter, % fractional shortening, and thyroid Values are presented as n, median (range), n (%), or mean AE standard deviation. The anterior group was those patients with anterior leaflet prolapse, including commissure leaflet prolapse, and the posterior group had only posterior leaflet prolapse. BSA, Body surface area; NYHA, New York Heart Association; CCB, calcium channel blocker; HT, hypertension; HL, hyperlipidemia; DM, diabetes mellitus; FEV 1 , forced expiratory volume in 1 second; CRF on HD, chronic renal failure on hemodialysis; Af, atrial fibrillation; MI, mitral insufficiency; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; LAD, left atrial diameter; TRPG, tricuspid regurgitant pressure gradient; %FS, fractional shortening; TR, tricuspid regurgitation; TAP, tricuspid annuloplasty; CABG, coronary artery bypass grafting.
disorder. Baseline characteristics in the unmatched patients and the matched patients undergoing partial-band and full-ring procedure in the anterior group are shown in Table 4 . Standardized differences were used to evaluate the balance between the baseline variables. C statistic (¼ 0.74) was calculated to evaluate the goodness-of-fit of this model.
RESULTS

Surgical Procedures and In-Hospital Outcome
Valve repair technique was resection and suturing in 341 patients (75%), chordal replacement in 141 patients (31%), and edge-to-edge repair in 73 patients (16%). Of the 3 repair techniques, resection and suturing was used most frequently in the posterior group (254 patients [96%]) and chordal replacement was used most frequently in the anterior group (131 patients [78%]). Regarding the choice of prosthetic type, the full ring was used most frequently (n ¼ 95 [57%]) in the anterior group, and the type of full ring was most frequently rigid or semirigid (52%). In contrast, the partial band and the flexible ring were chosen most frequently (n ¼ 231 [81%] for both) in the posterior group. The full ring was selected more often for patients with an anterior lesion, and the partial band was selected more often in patients with a posterior lesion (P <.0001).
Because more patients in the anterior group had atrial fibrillation and higher TR grade, concomitant maze procedure and tricuspid annuloplasty were performed significantly more frequently in the anterior group than in the posterior group (P ¼ .01 and P ¼ .02, respectively). Mean NYHA functional classification was significantly improved from 1.88 preoperatively to 1.02 postoperatively (P ¼ .01). Postoperative improvement in NYHA functional classification was not different between the anterior and the posterior groups (P ¼ .28). Anterior group (n ¼ 72)
Anterior group (n ¼ 94)
(22.2) 4 (4.2) .0004
Posterior group (n ¼ 231)
Posterior group (n ¼ 54)
.64
Values are presented as n (%). The anterior group was those patients with anterior leaflet prolapse, including commissure leaflet prolapse, and the posterior group patients had posterior leaflet prolapse. MI, Mitral insufficiency. 
Long-Term Survival After Mitral Valve Repair
Overall, 30-day mortality was 0.2%. There was 1 in-hospital death caused by postoperative low-output syndrome in the anterior group, and none in the posterior group. There were 24 late deaths (5%) during the follow-up: 10 in the anterior group and 14 in the posterior group (log-rank P ¼ .92). Ten were cardiac-related deaths, whereas 14 were noncardiac-related.
Kaplan-Meier analyses demonstrated 5-and 10-year survival to be 97.1% and 90.5%, respectively, for all patients. Statistical analyses were also conducted to compare the survival between the anterior and the posterior groups ( Figure E1 ). Survival at 5 and 10 years was not significantly different between the anterior and the posterior groups (P ¼ .92) ( Figure E1 ). Moreover, survival in the anterior group or that in the posterior group was not significantly different between patients undergoing partial-band and full-ring repair ( Figure E2 ).
Partial Band for Anterior Lesion: The Worst Combination for MI Recurrence
One-year follow-up echocardiography findings are shown in Table 2 . MI grade decreased postoperatively in Values are presented as n, mean AE standard deviation, or n (%). d, Standardized difference; BSA, body surface area; NYHA, New York Heart Association; CCB, calcium channel blocker; HT, hypertension; HL, hyperlipidemia; DM, diabetes mellitus; FEV 1 , forced expiratory volume in 1 second; CRF on HD, chronic renal failure on hemodialysis; Af, atrial fibrillation; TR, tricuspid regurgitation; CAD, coronary artery disease; LVDd, left ventricular end-diastolic diameter; LAD, left atrial diameter; %FS, fractional shortening.
FIGURE 1.
Mitral insufficiency (MI) severity between patients in the anterior group and those in the posterior group was shown throughout the follow-up period. There was significant difference in the MI severity between the anterior and the posterior groups (P <.0001); however, there was no significant interaction between time and group (P ¼ .87).
the anterior group and in the posterior group compared with the preoperative grade; however, MI grade at 1 year was significantly higher (ie, worse) in the anterior group than in the posterior group (1.01 vs 0.53; P <.0001). Median echocardiographic follow-up was 2.01 years, and the interquartile range of echocardiographic follow-up was 0.70 to 6.40 years. Because echocardiographic measures of MI severity were longitudinal data, the mixed-effect model with repeated measures was used to evaluate the association between MI severity and groups of patients, such as anterior versus posterior prolapse, full ring versus partial band in the anterior or posterior groups, or flexible ring versus rigid or semirigid ring in the anterior or posterior groups. Firstly, the MI severity was compared between patients of the anterior group and the posterior group throughout the follow-up period ( Figure 1 ). MI severity of the anterior group was higher than that of the posterior group over the study period (P<.0001). MI severity significantly increased over time in both the anterior and posterior groups (P ¼ .0018); however, progression rate of MI severity was not statistically different between the anterior group (0.037 AE 0.011/year) and the posterior group (0.039 AE 0.015/year; P ¼ .87). Secondly, MI severity in the anterior group was compared between the partial band and the full ring, or flexible ring and rigid/semirigid ring throughout the follow-up FIGURE 2. A, Mitral insufficiency (MI) severity between patients undergoing partial-band and full-ring repair in the anterior lesion group was shown throughout the follow-up period. There was a significant difference in MI severity between the partial-band and the full-ring repair (P ¼ .0176); however, there was no significant interaction between time and group (P ¼ .35). B, MI severity of patients undergoing flexible-ring and rigid/semirigid-ring repair in the anterior group was shown throughout the follow-up period. There was no significant difference in MI severity between the flexible-ring and the rigid/semirigid-ring repair (P ¼ .051), and there was no significant interaction between time and group (P ¼ .776).
FIGURE 3.
A, Mitral insufficiency (MI) severity between patients undergoing partial-band and full-ring repair in the posterior lesion group was shown throughout the follow-up period. There was no significant difference in MI severity between the partial-band and the flexible-ring repair (P ¼ .42), and there was no significant interaction between time and group (P ¼ .74). B, MI severity between patients undergoing flexible-ring and rigid/semirigid-ring repair in the anterior group was shown throughout the follow-up period. There was no significant difference in MI severity between the flexible-ring and the rigid/semirigid-ring repair (P ¼ .94), and there was no significant interaction between time and group (P ¼ .58). period ( Figure 2) . MI severity in patients undergoing partial-band repair was higher than in patients undergoing full-ring repair over time in the anterior group (P ¼ .0176). MI severity significantly increased over time in patients with partial-band and full-ring repair (P ¼ .027), without significant difference in the progression rate of MI severity between the partial-band (0.031 AE 0.013/ year) and the full-ring (0.05 AE 0.025/year; P ¼ .35). In contrast, there was no significant deference in MI severity between patients with a flexible ring and a rigid/semirigid ring (P ¼ .051). MI severity significantly increased over time in patients with a flexible ring and a rigid/semirigid ring (P ¼ .006) without significant difference in the progression rate of MI severity between the flexible ring (0.036 AE 0.013/year) and the rigid/semirigid ring (0.044 AE 0.029/year; P ¼ .776).
Finally, MI severity in the posterior group was compared between patients undergoing repair with a partial band and the full ring or the flexible and the rigid/semirigid ring throughout follow-up (Figure 3 ). In the posterior group, there was no significant difference in MI severity between the partial band and the full ring (P ¼ .42), or between the flexible ring and the rigid/semirigid ring (P ¼ .94). Consistently, there was no significant interaction between the partial-band versus full-ring groups and time (P ¼ .74), or between the flexible ring versus rigid/ semirigid ring groups and time (P ¼ .58).
Propensity Score-Matched Analysis
Although the mixed-effect model showed MI severity over time in patients with a partial-band repair was significantly higher than with full-ring repair in the anterior group but not in the posterior group, baseline characteristics were statistically different between patients undergoing the partial-band and the full-ring repair in the anterior group. Therefore, propensity-matched analysis was calculated with multiple logistic regression using the 18 variables (shown in Table 4 ), and obtained 59 well-matched patients pair with the C statistics being 0.74. After matching, the mixed-effect model was used to compare the partial-band and the full-ring repair in the matched patients of the anterior group.
MI severity in matched patients with a partial band was significantly higher than in patients with the full ring over time in the anterior group (P ¼ .04) (Figure 4 ). In addition, MI severity significantly increased over time in both the matched patients undergoing partial-band and full-ring repair (P < .0001); however, at a rate of 0.093 AE 0.013/ year in the matched patients with partial-band repair and 0.058 AE 0.022/year in the matched patients with full-ring repair with no significant difference (P ¼ .12). Regarding the posterior group, similarly, propensity-matched analysis using 18 variables obtained 49 well-matched patient pairs with C statistic being 0.75, as shown in Table E4 . A mixed-effect model using the matched patients showed no significant difference in MI severity over time between partial-band and full-ring repair (P ¼ .67) and no significant interaction between group (partial band vs full ring) and time (P ¼ .84), as shown in Figure E3 .
Regurgitant Jet From the Medial Side in the PartialBand Repair
MI ! 3 was detected in 58 patients on follow-up echocardiography. Regurgitant jet sites in these patients, assessed by echocardiography, were compared in patients undergoing partial-band versus full-ring repair (Table 3) . MI ! 3 was detected more frequently in patients undergoing partial-band repair, and the site of the regurgitant jet in these patients was lateral in 13 patients (4.2%), central in 12 patients (3.9%), and medial in 28 patients (9.2%). In contrast, the site of the regurgitant jet in patients with a full ring was lateral in 5 patients (3.3%), central in 7 patients (4.6%), and medial in 6 patients (4.0%). The number of patients who developed medial-side regurgitation was significantly greater in those undergoing partial-band repair compared with full-ring repair (P ¼ .05). Furthermore, when a partial band was used in patients with an anterior lesion, MI ! 3 at follow-up was significantly more frequent on the medial side (P ¼ .0004).
Exploring Predictive Factors of MI ! 3
Echocardiographic measures of MI severity were longitudinal data. However, to explore risk factors for MI ! 3, we treated MI ! 3 as a time-related event.
On follow-up echocardiography, MI ! 3 at follow-up was FIGURE 4 . Mitral insufficiency (MI) severity between matched patients undergoing partial-band and full-ring repair in the anterior lesion group was shown throughout the follow-up period. There was a significant difference in MI severity between the partial-band and the full-ring repair (P ¼ .04); however, there was no significant interaction between time and group (P ¼ .12).
detected in 58 patients (34 patients in the anterior group and 24 patients in the posterior group; P ¼ .0003). Freedom from MI ! 3 at follow-up at 5 and 10 years was 90.4% and 83.1%, respectively, for all patients, and was significantly worse for the anterior group than for the posterior group at 5 and 10 years (P ¼ .002) ( Figure E4 ). However, within the anterior group, freedom from MI ! 3 at follow-up was significantly better for full-ring than for partial-band repair ( Figure E5, A) , although this difference was not significant in the posterior group (P ¼ .7) (Figure E5, B) . In the anterior group, the respective 5-and 10-year freedoms from MI ! 3 were 79.6% and 68.9% for partial band, and 88.2% and 80.2% for full ring repair (P ¼ .04 for comparison of 10-year freedom from MI ! 3 between partial band vs full ring).
Predictive factors for recurrence of MI by univariate and multivariate analyses are shown in Table E5 . Univariate analysis showed that anterior lesion, chordal replacement, and postoperative MI grade ! 2 were significant predictive factors of MI ! 3 at follow-up. Multivariate analysis showed that anterior lesion and postoperative MI grade ! 2 were independent risk factors for MI ! 3 at follow-up. Next, we analyzed risk factors for recurrence of MI in those with the anterior lesion. Univariate and multivariate Cox hazard analysis using variables, including partial band, resection and suture, chordal replacement, and edge-to-edge repair, showed that use of a partial band was the single independent risk factor for MI ! 3 at follow-up in the anterior group (P ¼ .0069; hazard ratio, 2.82).
Freedom From Reoperation and Risk Factors for Reoperation
Causes of reoperation are shown in Table E6 . During the follow-up period, reoperation was required in 21 patients; significantly more patients required reoperation in the anterior group (n ¼ 15 [8.1%] ) compared with the posterior group (n ¼ 6 [2.3%]) (P ¼ .0018). Freedom from reoperation at 5 and 10 years was 96.1% and 92.1%, respectively, for all patients. Multivariate analysis revealed anterior lesion to be a significant predictor of reoperation (Table E5) . Five-and 10-year freedom from reoperation was significantly lower in the anterior group than in the posterior group (P ¼ .0009) ( Figure E6 ). Moreover, in the anterior group, freedom from reoperation at 5 and 10 years was not significantly different between patients undergoing partial-band and full-ring repair (log rank P ¼ .45) ( Figure E7, A) . A similar result was obtained in the posterior groups (log rank P ¼ .94) ( Figure E7, B) .
DISCUSSION
The principal findings of the present study were significantly higher MI severity over time and significantly lower freedom from reoperation in the anterior group than in the posterior group. Moreover, MI severity over time in patients undergoing partial-band repair was higher than in patients undergoing full-ring repair in the anterior group. The results of propensity score-matched analysis, which was not used for comparison between patients undergoing partial-band and full-ring repair in the anterior or the posterior group in previous studies, strongly suggested that MI severity over time in patients undergoing partialband repair was higher than patients undergoing full-ring repair in the anterior group. Kaplan-Meier methods or the Cox hazard model, which treated MI ! 3 as a timerelated event, were used to ensure these principal findings.
The present results strongly support mitral valve repair for type II dysfunction, especially for isolated posterior prolapse, and are consistent with the results of several recent studies. 7, 16, 17 However, repair for anterior prolapse with or without commissure lesion was not as durable as that for posterior prolapse. Spiegelstein and colleagues 6 reported anterior leaflet prolapse, lack of annuloplasty, concomitant procedure, left ventricular dysfunction, advanced age, and higher NYHA class to be significant predictors of reoperation and recurrence of moderate to severe mitral regurgitation. 7, [17] [18] [19] David and colleagues 7 reported that anterior prolapse was an independent predictor of valve-related mortality; they also reported higher rates of reoperation for anterior than for posterior prolapse (28% AE 7% vs 11% AE 3%, respectively, at 15 years). Therefore, any modification of repair should be considered for anterior prolapse. The repair technique used most frequently for anterior prolapse in the present study was chordal replacement using polytetrafluoroethylene sutures, 20 which is an established technique. 21, 22 In the present study, multivariate analysis showed that leaflet repair procedure was not an independent risk factor for MI ! 3 at follow-up. Thus, we focused on prosthesis, and found that MI severity over time in patients undergoing partial-band repair was higher than in patients undergoing repair with a full ring in the anterior group, but not in the posterior group. Although the optimal choice of annuloplasty ring type continues to be debated, the present study suggests that full ring is the optimal choice for anterior prolapse. Several studies have examined the effect of annuloplasty type on repair durability, left ventricular function, and functional mitral stenosis after primary mitral repair, 23 but the structure of the prosthesis applied has not been extensively discussed. Spiegelstein and colleagues 6 reported that the use of open annuloplasty rings is an independent predictor of late recurrence of moderate or severe mitral regurgitation. Closed semirigid rings may increase the length of leaflet coaptation compared with open flexible rings and thus minimize the recurrence of significant mitral regurgitation. 11 In the present study, the 1-to-1 matched analysis eliminating the effects of differences in patient characteristics also showed that MI severity over time in patients undergoing partial-band repair was higher than in patients undergoing repair with a full ring in the anterior group. These results show that using full-ring repair for an anterior lesion decreased MI severity over time and limited chances of recurrent MI.
The present results suggest another aspect of MI recurrence when partial-band repair is used for anterior prolapse. In the anterior group, regurgitant jet occurred significantly more frequently on the medial side in patients receiving a partial band than in those undergoing full-ring repair. Therefore, the use of a full ring may contribute to reducing the occurrence of regurgitant medial-side jet. As we previously reported, 24 left ventricular remodeling may be associated with the recurrence of MI and tethering in addition to recurrence of prolapse, which can be a cause of recurrent MI. The anatomic characteristics of medial chordae make them more likely to be influenced by geometry change. Regardless of whether the mechanism of recurrent MI was leaflet prolapse or tethering (Table  E6) , using a full ring may help to keep the mitral annulus in its original form. However, no study has yet investigated the association between recurrent MI and regurgitant jet site; further studies are warranted to investigate the relationship between site of MI recurrence and prosthesis type.
Although the closed, rigid ring was reported to impair the natural motion of the mitral valve, distort the anterior leaflet, reduce orifice area, increase gradient across the valve, and increase the risk of systolic anterior motion, [25] [26] [27] in the present study we found no differences in pressure gradient across the valve and prevalence of systolic anterior motion between full-ring and partial-band repairs.
Limitations
This was a retrospective, nonrandomized study with a limited follow-up period. Although MI ! 3 at follow-up is not an event detected on echocardiography at a given time but interval-censored data, broadly used simple time-toevent analysis was partially selected for this research. There are limitations to propensity score-matched analyses. Eighteen variables about patient background and preoperative characteristics included in this analysis are believed to be small size. However, variables strongly related to outcome, such as preoperative echocardiographic findings, were included in 18 variables. Furthermore, only 59 matched patient pairs from 18 variables were obtained because of small patient numbers, so we used this model. Although there were significantly fewer cases with MI ! 3 at follow-up in those with full-ring versus partial-band repair in the anterior group, there was no corresponding difference in reoperation rate in that group. However, recurrent MI and reoperation were not associated with long-term mortality in this study. Further follow-up of this series is warranted. In addition, one may claim that the 3-year echocardiography results were studied only in 60% of the total patients, leading to selection and/or recording bias for the statistical analysis. This potential bias would be minimal because the backgrounds or procedure details of patients who did not enter the statistical analysis were not different from those who were statistically analyzed and because survival or adverse events, including reoperation, were not different between them.
CONCLUSIONS
Mitral valve repair for patients with MI due to type II dysfunction is a recommended strategy that results in low rates of operative death, good long-term survival, and excellent freedom from recurrence and reoperation. Impairment of long-term durability of mitral valve repair in patients with anterior prolapse can be compensated for by performing full-ring annuloplasty rather than partial-band annuloplasty.
FIGURE E3. The mitral insufficiency (MI) severity of the matched patients with the partial-band and full-ring repair in posterior group was shown throughout the follow-up period. There was no significant difference in MI severity between the partial-band and the full-ring repair (P ¼ .67), and, there was no significant interaction between time and group (P ¼ .84).
FIGURE E4. Five-and 10-year freedom from MI ! 3 was significantly lower in the anterior (85.1% and 74.5%, respectively) versus the posterior group (93.3% and 87.0%, respectively) (P ¼ .002). Pt, Patient. FIGURE E5. A, In the anterior group, patients with partial-band repair had higher rates of mitral insufficiency ! 3 at follow-up compared with full ring repair (P ¼ .04). B, In the posterior group, there was no significant difference in mitral insufficiency ! 3 at follow-up between full-ring and partial-band repair (P ¼ .7). Pt, Patient.
FIGURE E6. Five-and 10-year freedom from reoperation was significantly lower in the anterior (92.8% and 84.6%, respectively) than in the posterior group (98.0% and 96.3%, respectively) (P ¼ .006). Pt, Patient. Values are presented as mean AE standard deviation or n (%). d, Standardized difference; BSA, body surface area; NYHA, New York Heart Association; CCB, calcium channel blocker; HT, hypertension; HL, hyperlipidemia; DM, diabetes mellitus; FEV 1 , forced expiratory volume in one second; CRF on HD, chronic renal failure on hemodialysis; Af, atrial fibrillation; TR, tricuspid regurgitation; CAD, coronary artery disease; LVDd, left ventricular end-diastolic diameter; LAD, left atrial diameter; %FS, fractional shortening. The anterior group was made up of those patients with anterior leaflet prolapse and the posterior group had posterior leaflet prolapse. MI, Mitral insufficiency; BSA, body surface area; CABG, coronary artery bypass grafting. The anterior group included patients with anterior leaflet prolapse and the posterior group included those with posterior leaflet prolapse. NYHA, New York Heart Association classification (graded I-IV); MI, mitral insufficiency. 
